It is shown that the Evans-Vigier modified electrodynamics is compatible with the Relativity Theory.
Recently a new version of non-Maxwellian theories of electromagnetism has been proposed [1, 2] . As a matter of fact, the Evans-Vigier B (3) theory includes a spin variable in the classical theory and presents itself straightforward development of the Belinfante, Ohanian and Kim ideas [3] [4] [5] . In the present note I restrict myself only one particular question of the relativistic covariance of this theory. I would not like to speak here about a numerous variety of other generalizations of the Maxwell's theory referring a reader to the recent review [6] . All those theories are earlier given either strong critics (while not always perfectly reasonable)
or ignorance and only in the nineties several new versions appeared at once, what ensures that the question would obtain serious, careful and justified consideration. The B (3) model is not an exception. A list of works criticizing this theory was presented in ref. [8] and that author wrote several critical comments too [7, 8] . A serious objection to the Evans-Vigier theory which was presented by Comay is that he believes that the modified electrodynamics is not a relativistic covariant theory. Questions of Dr. Comay may arise in future analyses of the B (3) theory because he correctly indicated some notational misunderstandings in the Evans and Vigier works. Therefore, they are required detailed answers.
According to [9, Eq.(11.149) ] the Lorentz transformation rules for electric and magnetic fields are the following:
where
= coshφ, with φ being the parameter of the Lorentz boost. We shall further use the natural unit system c =h = 1. After introducing the spin matrices (S i ) jk = −iǫ ijk and deriving relevant relations:
one can rewrite Eqs. (1a,1b) to the form
First of all, one should mention that these equations are valid for electromagnetic fields of various polarization configurations. Next, Eqs. (2a,2b) preserve properties of the vectors B (axial) and E (polar) with respect to the space inversion operation. Furthermore, if we consider other field configurations like φ L,R = E ± iB or B ∓ iE, the Helmoltz bivectors, which may already not have definite properties with respect to the space inversion operation (namely, they transform as φ R ↔ ±φ L ) we obtain
i.e, it becomes obviously that they transform as the right-and the left-parts of the Weinberg's 2(2S + 1)− component field function [10] . Now, we can consider the question of the Lorentz transformations for transversal modes
and E (2) and, hence, make a correct conclusion about the transformation
In the first frame transversal modes of the electromagnetic field have the following explicit forms, ref. [11] , φ = ωt − k · r:
We have implied that in a free-space circularly-polarized radiation
Lorentz transformations (without inversions) do not change the sign of the phase of the field functions, so we should consider separately properties of the set of B (1) and E (1) , which can be regarded as the negative-energy solutions in QFT (cf. the Dirac case [12] ), and another set of B (2) and E (2) , as the positive-energy solutions. The opposite interpretation is also possible and, in fact, was used by E. Comay (φ → −φ). But these issues are indicated not to be relevant to the present discussion. Thus, in this framework one can deduce from Eqs.
(2a,2b)
Using relations between transversal modes of electric and magnetic field (4a,4b) one can formally write
One would wish to study properties of this physical system with respect to the space inversion
We still observe that B (2) can be related with B (1) by the unitary matrix:
.
Since this unitary transformation results in the change of the basis of spin operators only, we deduce that the concepts of properties of some geometrical object with respect to Lorentz transformations and with respect to space-inversion transformations can be simultaneously well-defined concepts only after defining corresponding "bispinors" of the (j, 0) ⊕ (0, j) representations and keeping the same spin basis for both parts of the bispinor. See also [13] for the example in the (1/2, 0) ⊕ (0, 1/2) rep.
operation. Since, explicit forms of transversal modes of electric field in the first frame are proportional (with imaginary coefficients) to the transversal modes of the magnetic field (4a,4b) some fraction of E (k) or B (k) can be formally substituted by the vector of other parity (like we are doing in the process of calculations). Furthermore, one can take any combinations of Eq. (5a) and Eq.
(5c) multiplied by an arbitrary phase factor, or that of Eq. (5b) and Eq. (5d) multiplied by a phase factor. The parity properties of the field functions in the general case would be different in the left-hand side and in the right-hand side of resulting equations. Generally speaking, the notation (6a-6d) is used in this paper only for simplification of calculations. In fact, one can also proceed further with the forms (5a-5d).
We still advocate that a) the properties E (k) ′ to be proportional to B (k) ′ with imaginary coefficients are preserved and b) B (1) and E (1) 
wherek is the orth vector of the axis OZ. We know that the longitudinal mode in the EvansVigier theory is defined as 
we find from (8) that the relation between transversal and longitudinal modes preserves its form:
A reader interested in these matters can exercise to prove the covariance of other cyclic relations [1, 11] . Next, when the boost is made in the x direction we obtain
) , in the coordinates of the old frame , I would like to indicate origins of why Dr. Comay achieved the opposite incorrect result:
1) Obviously, one is not allowed to identify B z and B (3) (as the authors of previous papers did, see, e.g., the formula (6) in ref. [7] ), the first one is an entry of the antisymmetric tensor and the second one is a 3-vector quantity, the entry of the 4-vector. They are different geometric objects. Of course, the Poynting vector must be perpendicular to the E and B, the Cartesian 3-vectors , whose components are entries of the antisymmetric tensor field.
The B (3) vector is a vector of different nature, while, in its turn, it forms an "isotopic" vector with B (1) and B (2) in a circular complex basis 2 and while its physical effect is similar to that of the Cartesian B, namely, magnetization. 2) One is not allowed to forget about the fact that
is not a scalar quantity, it is a zero component of the 4-vector; so Comay's "appropriate 2 Let me remind that the Cartesian basis is a pure real basis. Introducing complex vectors we, in fact, enlarge the space; a number of independent components may increase and, the bases, in general, are not equivalent mathematically.
units" would transform too from the first to the second frame. 1) and B (2) ), in fact, puts shades on the rules φ R ↔ φ L with respect to the space inversion operation [13] in the 2(2j + 1)− component theories.
Finally, I want apparently to note that this my paper is NOT a Reply to the Comay's
